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Thia invention relates to a method and apparatus tor 
beating au elongated space or a location containing an slcngatod 
b^utor- Hore particularly, the invention relates to 411 electrical 
resistance. h«At«r for heating an elon{idto<l subterranean hojutioLo 
At rfltOEi which are different at different depths of the borehole, 

:ct J.tv known to l>o bouoticia.1 to us* elongated heate-rs 
uuch as veil heater?, for heating Inte.rvftla ot subterranean fiarth 
t ormat Lono, pipo Interiors, or other elongated spaces. In various 
jf it nations, it is desirable to heat such epacea at relatively high 
10 tenpecatuTfta tor relatively long tiaew. Beneficial reaulta 
obtained toy such heating may include pyroliilog oil shale 
formattona, coklog oil to consolidate unconsolidated rowivoU 
formations, coking oil to forra electrically conductive carbonized 
zonaa capable of operating as electrodes within a reservoir 
£orftation, thermally aiarlacing hydrocarbons derived froa oila or 
tar a iuto production locate oris, prewnitins foraatioti ol hydratotf, 
prfrulpitaUiS, or the like in fluids which are nelny produced frow 
w*lle and/or traixsnltted through pipes, or the liKe. 

The invention aiif.a to provide a heating apparatus, vhich 
20 i.tz capable of generating beat at different rates at different 
dept.UB in a well. 

In accordance vrith the invention there is provided \n a 
process in which subterranean earth formations within an inturvnl 
rcoro than 100 foet long are heated to a temperature of more than 
600° c. , ao that heat da injected iMjb*t&ntiai.iy uniformly iAto that 
Interval '< ail iirtprovoitient for constructing and installing a heater 
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having an el^trtca.l cable heating section which is free of 
npXictfi, comprising: constructing tfaid lifting coblo /section by 
compressive iy awaginti at Least, one portion of a Junction- tree, 
electrical beat tug cablft to roduco ita sifca at »aid at l»&fil oiio 
portion, said cable ia at Uaat as long ae the ft&rth formation 
.Interval to be heated and comprised an axiiiily aligned, irtalloahlo, 
electrically conductive core currounded by granular raineral 
insulation within a metal ohoath, ao that sva*rad portion goneratee 
heat at a rate higher than the unavagtd portion; correlating the 
10 locfttioa ot said swaging with tho put tern of hoat conductivity in 
the earth formation interval ao that at laAPt one oompr«8ftiv«.ly 
fwagftd portion of the en'ola 1* locatad aloci* tho cable m a 
position auch that, *hen the cable ia extended along the earth 

toemation interval to be h^atoa, tho conprasatvoiv swaged sorttoa 

is adjacent to a portion of the earth formation interval In which 

cb« neat Ronductivt ty is ralfcttv&lv higbp connecting oaid 

selectively swayed heating cable section to at least one pover 

aupply cnhle and spooling the intft-reoonec ltd cabisa; and 

unspooli/lg the Interconnected cables into a velJboue along with a 
2D weight- supporting neul conduit wbil* periodically attach Ing the 

cable* to fchc conduit and extending the cables and conduit to a 

depth at *hich the conpresuively swaged portions u f the cable are 

positioned adjacent to tho aarth formation:! having a relatively 

high thermal conductivity. 

The invention will now be wialiwd in more tie tali «3 th 

reference to the accompanying drawings, in which t 
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Ti spure 1 is a throe-dlraenoional illustration Of tn 
electrically conductive cable opt?.* staged and im*\sa<jod 
portions suitable for uae in the present iavunticn. 

Slgure 2 sohematioftlJly U-luntraxes ttbe iju>to.Ui09 of an 
oloctricai resistance heater within the well in accjordacicro (fith 
the present tftveotlou. 
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Figure 3 staro a splice between a rnetal-^ahaatn^d insulated 
pox\if supply cable and a jnatal-steattad insulated cabla suitable as 
a he£tii\g element of the present invention. 

Figures 4 au3 5> illustrate spllcoo for electrically intsr- 
5 connect ing the ccrxkictive cores of a pair of ueta i-sheathed ininaral- 
insulated heating cables suitable eis being cabJ.es in the present 
Invention. 

togure 6 ehws an electrical power eupply circuit suitable £or 
use in the preeent invention. 

10 Vo& preeent invention is at least in part premised CO a 

discovery that the propertio& of an electrical conductor {cak*i as a 
itctal-shcathed solid rateri-al-insulatcd electrically curcductive 
cable ccntainire? a single copper coro) are such that results of an 
application of oorrpressive swaging to tha outside of the roetal 

15 iiieath are transmitted through the insulation bu tho core of kite 
cable in a manner such th&t each of these oai^xarjerits ore 
substantially simjltasseoasly reduced in crnBs^aeotmnal ourea fcy tine 

relative amounts* Tha reductions Ln the cable core croas- 
aecttonal area can be controlled to cause the swaged portion of tbo 

20 cable bo generate a significantly higher arcviit of neat per unit 
time than that which would have been generated without the swaging, 
even at a substantially lcner temperature. 

In a preferred cntoodimeurt of the invention, such a swaging ie 
da* by A process OE rotary swaging, amounting to oa<prc£Si};g the 

2*5 ooblo with many blows applied by rotating dies. Rotating swaging 
devioes and techniques aro known and <xnTOrcially available*. &Ucb 
irachinaa coanonly contain two die? wrdrh recipemcatfi- rapidly ae a 
spindle in which ths*y dru rnountod ic rotated, A compressive rotary 
swaging operation invnivea a barransring action which haa ttw sarce 

30 bsiAQficial raabcrial on neta! an forging. It produces a desirable 
grain structure resulting in an increased tensile strength mvi 
elasticity. Ths oolxl (in tcaperafcure) swaging tends to work harden 
noflt jrefcalUc materials. If deaired, such a hardening tan b> lfl&de 
more flexible by annealing. 
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\n a rotary swaoirq opexaticn, the extent to which the swage* 
material 3 a reduced in cross-sect icnol area can be controlled very 
accurately. Par essawplc, sinco a reta>aha£ithad solid material- 
insulated oocpsr-carad GlCCfcricBllv^oondurtivc cabte hehpvee as a 
5 »-jiid ifatcclai during a rotary iiwaging c^eraticn, such a cebte 
havirxj a diameter o€ from ar>:ut 0.69 to i.25 an can be axaged to a 
reduced diatfator with accuracy oi abent plua or minus 0.0025 cm- 
figure 1 illustrates swaged and unswaged portions of a" cable 
preferred for ua» in the present invention, la the oabte show, a 
10 stainless steel aheatb 2 suarrounds a mineral insulation 3 

consisting of highly oomprassed grains of iragnsflium cocide and a 
hoIUI conductive care 4 of substantially pore ccpp&r ia 
concentrically surrounded by the insuUtiou and aheath. In a cable 
of the type afcewn. where the inner and cutor diaireterra of the 
1>> Rheath % <iro 7,25 and 9 urn and thu diaitotnr of tte cox* 1 ia 3 nrt, 
iu toe unewaged portion, the csbte may ^israta a temperature at 
about 600 q C r xhen conducting L80 cnpentHS of alternatlnc* current-, 
Hcwwerf in a swaged portion of the cable having a diaraetcr reduced 
by lift, a bonperakraca of about 850 *C is ger^ratsd when tho cable 
20 ia oanductirg the saroe current in tha sainc environment* 

In a i>roi!erred earoiunsnt, the present Irxv entice can be 
utilised for providing a fcrmation-tailora^ irethed and apparatus 
for uniformly heating long intervals of subterranaan earth 
ftannafiicna at high teTSpsrature. ^cenrdin? to this netted 
25 si^erranean intervals ara heated with an electric heator 

containing at .leant one salable stcel-sha&.thei miner ai- insulated 
ctfele- having a solid central core of high electrical conductivity, 
Such a coblo ceui be arranges to heat tha earth ftsrwaticoB ao tmt 
haat U transdLtted into the formations at a substantially uniform 
3f> rate, even when the heating involve* more than about- 330 watt* per 
cnatra at tea^eraturos bettueen about 600 and 1000 a C. The unifonnity 
of the hent.±ran4wib'5lon is ensured by providing the heater with a 
pattern of electrical roflistances with depth within tlvs well 
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a-wrelirtca with tte pattern of heat cxnulictiv.Uy with depth within 
the 5\ wounding earth fonoatiOT>3. 

Figure 2 shows o prafanred ©rbrxiiirent of a wail heater of the 
present invention being installed within a wall. Aff ^hcwx, a F"^ 
of selectively swayad haatcr cwblea with swaged and un^/aqed 
portions of the type tficwo in Figure 1 are being uns^ooied into a 
*oli frcra spooling means 5 and 6 while a support ircsnbar 7, sucto as 
a wire lino ox spoolable metal conduit, is ooruOT-reatly unapoolod 
into the xell from a spooling neana (not cftcun) . Ita .\cwer end of 
the support neans 7 is attache! to a motor raanat 8, as a 
sinter bai for a vertical well or a pccnFoble or other raocor weans 
for a sutoetantially horizontal wU, The lcMf ends oi the heating 
oable, (waged portions tb, are inechsnicaUy attached to a cabLe 
junction ox end-connector 9 in v.hlch the cmfluctive oaree or© 
electrically interconnected (as shown in acre <tetail in b'igure 4>. 
•foe junction 9 la alsw irecfcanieally connected to the support neater 
7, for excmipbD by a strapping means L2. the lewar <an<ls of the cable 
portions, tihlch Are waged for increased heating, are electrically 
intaroaonaated in the erA connector 9 and coeitioned to oxtencl 
through the zone aaletftad tor recoiviiv? the iwreassd heating. 

*ha nnemgfld portions la of the heatlr^ cables, deaigned fbr 
mLDliral heating along the* *ona to be heated, are position*** to 
extend above the awed portions Lb for a distance sufficient to 
reach a acme which is cool enough for an ihtoroc«r^c'ti/>n of tte 
2-5 beating cable portion* la with power supply cables 10 by irons of 
jointB or splices U for electrically and machatsically inter- 
* connecting the powor supply icq ar4 heating cables. Iho power ajpply 
cables 10 are arranged for carcyirjg a selected amount oi current 
while generating ouily a flinliral amount of heat, Taa details of 
30 suitable Tischanical and electritMl cable- connecting ioints for ubg 
with uetal-sheathed minaral-insalitti&d power 3upplyii>g cables are 
illuutratfJd in Figure 3, 

As the boating and power supply coblos 1 and 10 axe run into 
tho wall, along vrtrJft die ^ight-supporting strand 1, the cables axe 
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}>2riodiuuUy attached to the dtrvmd 7 by roan a of ciIoji^g or 
atr^inq aeaiifi 1.2, Such clangs «ro arranged for creating * 
friction between the cables and strand which tB sufficient to 
support the weignt of tte lengths oi tha cable? which are iuOBtcd 
5 between the cianps. 

Figure 3 illustrates d&taiis of preferred arrangwentn of 
splices 11. as shewn, thi power supply cablu 10 taaa a metal sheath 
14, audi as a ceppar sheath, surrounding an insulated olecteicaUy 
conductive omtc 13 having a aonbiorttian ot or os»- actional area and 
ll> electrical rcsi star.ee per unit oi: length adapting it to carry fcha 
current to be uced an the heating cpcrat.ton while generating only 
an insignificant anount of beat* A» shown, the power cable shoath 
14 as veil as a power cable care 13 oxo larger Chan tha sheath 2 
and core 4 of the unswztgod port.tm of beating csblo La. Tha 
15 conductive cores of the cable are electrically interoxincctedr 
preferably by wsJdirxj* In general, the power cable can cocipriae 
substantially any typa of electrically conductive cable which ia 
adequately heat stable at the temperature generated by tha minimum 
heating portion ot a beating cabLs such as la. Where the T^exinum 
20 selected nesting tefl^oeraturo is sufficiently low and/or the 
distance between the power supply and zena to ba located is 
adequately short, tha power sup^Y cable can oacrpri&sj a ratal- 
sJieathed mrjeral-infeuiiitod *oli<<r<:ar0d cable which is selectively 
e*waged to provide tiiO elected beating ten^erature su that no 
25 splices 3ix*h a? Bplieaa 11 oro naoded. 

A3 3hown in Figure 3, a relatively short sleeve 15 r auch as 'a 
abeel srluavc, is fitted around and weldod or braced* or otherwise- 
ireatanically attached, to the abeatli 14 of the power 'cable 10. Tbo 
sleeve: 15 is preferably selected to have an inner diameter framing 
30 an annular soaoo botwoen it and ahaath 2 large- enough to 

ctooanrodate a bhorter atcel sleeve 16 fitted around the sheath of 
tl;e cable la. In a profuarrod asseufeling praaadure, before ineerfcir-g 
the short sleeve 16, eubstar/tiiilly all of toe annular ejjsoa between 
the cable core wntoexE 4 and 13 and oleeve IS ia filled with a 
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pcwiared rainaral insuLd.Ung material Skich as jnagneaium OKivfe, The 
insulating material ifc preferably deposited within both hhe annular 
spece between the cable cores and the eleeve 15 &s we.U ae tha 
spooc between tha alaavc IS and the BhsatJi 2 of the cable la, and 
5 viitf fried tt> octrpact the trass of par tide? ♦ Sleeve 16 oan tlten be 
driven Into tte spaue between the sleeve 15 and sboatb 2 oo that, 
tha mass of mineral insulating particles ie compacted by the 
driving fores. Slocvcc; 15 and Ifi and sheath 2 are then welded or 
ijra^ed together. 

10 Ficjure 4 illustrates detailB of an end oonnootor or splice 9. 

As shewn, cables lb are CKtarded thrmigh holea in a steel blnrJc 9 
so that short aectiens lc extend into a cylindrical evening in doe 
central port ton of Us block- U\e electrically conductive oqres of 
tha cables axe welded together at weld 17 and the cab.le sheaths are 

1? -welded to block 9 at welda IB. P.rufcrably, the central conductors 
□f the cables are sorrcunded by a heart stable olecmcal insulation 
such as a ttkisa of cmapaceed powder^ luineral particles and/or by 
disc? of; ceramic materials (not shewn) / after which tha central 
opening is sealed, for example, by sreldirg-nn piecea of afceal (not 

20 shown) , Where the heater is suceorted, as shown in Figure 2, by 
attaching it. to an elongated cylindrical structural member 7, a 
groove 19 is preferably formed along an exterior porticn of end 
splice 9 to mate with tte structural meadbor and facilitate tha 
attaching of the end place bo that member, for example/ by a 
strapping means 12- 

Figure 5 shows a preferred type of end connector which 
eliminate*- the need for cutting and walding a heater cable to form 
a pair of heater cables, such as cables 1.6. The heater cable is 
singly bent inm a U-turn and tnechanioaliy claapad to block 20 by a 

30 belted-con clamping plate 21. The block 20 is preferably provided 
with groove 27. to facilitate tho clamping of it to a cylindrical 
structural ircatber sorfi aa the cylindrical nsrabor 7 shewn in 
Viqura 2. 
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In general, tte power supplying el^nentB cot compriee 
substantially any WL' air DC sy&tem capable of causing a heati>r of 
tha present type m heat at tho selected re \z Lively high rato. Such 
a beating rata can be abcixt 330 watts par metre or nore, 
5 Flexure 6 is a diagram af a preferred arrangement at 

alternating current olectrtoal pswer supplying <sleasentfl suitable 
for the; present typo of heater. Thia arraiirjEitent Includes two 
inverse, parallel, siliorm-cmtro.Ued rectifiers (SCB&) in the 
circuits of holh elements of a two-sleroesifc heater, In such a 
'i0 balanced system the heater lugs should be of equal resistance 90 
that tha c*blo core jvtnctijun, paint A, (within end connector 9) 03H 
reaain at 20ro voltage or virtual ground potential, lfce sheaths Of 
the heater cablos arc connected, to the grounded centre cap of the 
transfionusr srjenndary. Since point A repreoants the welded 

15 conrjoction wifchvo the end pitioo 9, the poeent-ial difference between 
the connect Ion and the housing xiil bo zero tor all practical 
purposes. Ttasse points could be in electrical contact without any 
conduction of current. At points advancing upward alco? the lege of 
the heater, the potential difference betwocm tho shoaths and the 
20 central conductor oan increase and finally reach cnaxiowni3 sucri as 
pins or mirrut 2<0 V. 

Xn various situations in which sua elongated space ia to be 
heated, the in aitu thermal occadDCticn Tvay vary significantly 
within various layers or locations along that space. A mora hoat 

'& oondi>ctive layer will carry off tha hoat generated by a heater 

i aster than a lesa conductive layer. A*» a result, tjne temperature 
maintained by an electrical resistancci ho&ter carrying a given 
arrant of current will be 3jcwrx opposite o more conductive layer , 
In situations In which it Is desired to reiintaio a flat or uniform 

30 heating rate, aloilg the space being heated f it ie desiroblo to 
reduce tV>e heater oora cross-sscticnal aroa in orcter to garter ate 
heat at the same rate as theit in otlier portions of the heater which 
are letter. 
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An uloctrica.l resistance) heater can be caueud bo <pc»crate 
selected heart Incr rates at different locations alocig the- heater )ry 
installing hoater sections ccrttainltvj conductors af varying' crass^ 
sections. '.Una B/aaLljerr oare or cojviuctar croes-sectiens exhibit nore 
5 resistance to thu electrical current flew and thua generate teat st 
a rate higher than wculd be 9ar.crabed by a thlcteir core At ths sarws 
tefns*irature. Par exaaple, it caw heat at a selected rats at luacr 
tanpsrature existing along a relatively more hent caiductive layer 
or cone: v/itfiin the apace iwing heated. 

\0 Tho present invention provide a method of causing a heater 

having an oleetrically cenductive core which is ortcitinuous and 
unitary to generate constant and/or selected avennts of heat a Lang 
one or a multiplicity of different portions of the heater without 
requiring a jicLfcittide of heating cable splices, Particularly where 

15 tho heating is to ba conducted at- relatively high txMr^raturea for 
long tires / welding problems and opportunities £or loakage are 
inherent in any cutting and splicing of electrical hoatin? cables 

Itj respect to an electrical resistance heater corrprising a 
pair of electrically jitorcannactad inatftl-sheathsd solid imtcrial- 

20 insulated cables each containing a malleable tnctal. electrically- 
conductive oars, fair sets of rotary switching dies can be arranged 
for providing percentages of fliairetrical roductiens of 6, 12, IB 
and 24 in the- initial overall diameter of oaca cable and its 
conductive uoro. By reducing one portico of the- cable diameter by 

:Vj 6% and another by 124, the overall reduction is 91. Fy such 

procedures, the overall croas-sccticoal reductions for ibotb legs of 
the heater can be provided in eight steps of roughly lot each, For 
eocanple, see the following table: 
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23.3 
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12 


34,2 


12 


12 


45,1 


12 


).S 


55*3 


18 


18 




18 


24 


75.0 


24 


24 


34.5 



m sash a procedure,, if the above^acribaA prafcrrod pcvsr 
supply is to be used, it ie OAD2£sary that each leg of rtirs fcoater 
after reductions iu iL3 core diaiiBter have en overall resistance 
equalling that of the other leg after reductions in its ccare 
5 diamRter* This lis nooessaxy to ensure tha taro voltage potential of 
rha inter oojirtoctod coivSuctors in the end piece. TVtus, it is 
iieceseaxy to divide the overall extents af electrical oare 
reduction* evenly <A^t both lengths of the heater, 

Substantially any oauproscilve wacfiog procedure which is or J.s 
10 substantially equivalent to rotary swaging can suitably used in 
practising the present invention. *aata^>les of svacjing rachicxis 
and/or techniques which can suitably be used ace inrliiaire of dU 
closing awning machines, such as those jftsitufacfcured by Tha 
Ttorrington Ctcnpany, ox Abbey Aetna Itechine Ctxrpany or rerm 
XS M?nuf acturing , etc. 

Po^er au&ply cables capebLe of transnittiawf th& amount of 
current selected to ba used whlio getwerating only a relatively 
Insignificant awount of haat and bavin? sufficient thsnt*l 
stability tcx electrical and itocSiunioal attachment to thu metal 



http://patents 1 .ic.gc.ca/fcgi-bin/any2html 



11/7/2001 



Ol253555dis.afp Page 12 



Page 2 of 3 



1253555 



- n - 

sheathed cable soluctei for generating a iftininum aoccufc of heat can 
suitably be uned in this invention, Scanpias of such cafotea includa 
those available as QJOC/Pyrotcnac (41 cables. 

la general, in a situation in which an electrical conductor 
5 tjee6 not fco insulated, the present invention ean be practised ^tch 
substantially any e.V%ctrical conductor which iB oantinucus and 
unitary (i.e. is a continuous body froo of interconnected ' sextants 
or strands} and has a oxe or conductor thickness (..i.e. a crobS- 
>secticxial area of the electrically conductive rraterlal) «diich is 
10 different in different locations along the length of tie electrical 
cxmductor, Preferred aloctrio^i conductors ccmprlx snv;te 
conductive cores of malleable metals or alloys surrounded by a beat 
atahla solid insulated material within a beat stable tcotAl sheath 
such as refractory powder car solid fibre insulating materials 
\5 w:\fchiu copper or sbcol sheaths* A copper core surrounded by 

powdered inagrwaiutn oxldo within a copper sheath 2or use at moderato 
temperatures, or a stainless steel eheath tor use at 'rvCgh 
tcxrpcratureB, is particularly preferred. 

In general, the present invention can be utilxrad to initiate 
20 and nmiitaln a substantially uniform rate of heatirxf along a space 
containing at least one portion having A relatively low rata of 
teat conductivity and/or w establish and naintaJn a relatively 
hic£ rate of: boating along selected portions alary? a space 
. throughout which the race of. heat conductivity is nearly uniform- 
?5 the variations in hsat conductivity with distanoo &l£og an 

elongated path can be debamined by weana of nuneroue fcnavn wid 
available de : 7ioea and technlx^iac . 

m a particularly preferred procedure for utilizirij the 
pra&2nt invention Cor heating along a path atciY? vfrich the fc*ait 
30 conductivity is nonuniform, a selection is made of the rate of 
heating to be provided when an electrical conductor having tha 
composition to be used is conducting the ancunt of curreot to ba 
used within ci hortogonaous medium liavixx? the* lowest heat 
conductivity to ba> encountered aJcng the path to be heated, the 
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maxirouffJ thickness for the aler.trioai occndccbor to ba vised is then 
ths thicfcneaa which providsa that rato of heacii:q in that 
situation, 'ihe thickness of pevrtiona of the Conductor to ha 
positioned along porticos ot the path whldi have higher heat 
r > rand activities are then jtcde thinner to an axtant substantially 
ccnpensatlng for cba mora rapid corducting^way of the heat by 
those higher haat oaicfcintivitles. 

^Iternati^sly, where it ia daairable to generate heat ot 
relatively rapid rates along portions of a peth to be heated (for 

10 example, along tcp and hot. tan portions of a Bubterranefcn oarth 
fooncratiim) such <m arrangement can ba i&&da f aicba.igh the. h&ut 
conductivity nwy be substantially uniform all along the path to )je • 
heated- *Jfre conductor thickness an.i roaistaicce Co be used along 
niost of tJxe cable conductor are *electse4 to provide the e-ljecbed 

15 rate of haoting along a hc-nagehsous naterial having the luiat 

conductivity cannon to moat of tha interval to be hearted. Then, f-Ua 
trore rapid heatirg rate along aole^ted porticos of the path can be 
obtained by thinning the penrtaoro of tha conductor to bs ext&ndad 
along thoae portions of! the path, 
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the SM&on:aianT» of the imvbhtion iu twich ah exclusivij 

PROPERTY OR PRIVILEGE 13 CLAIMED AH2 DaPIHBD AS t'OttiOW&s 

j_. m a fi-ocaas in which subterranean earth formariMXB 

within an interval more than ion feet Long are hoaCtxi to a 
temperature ot tnore than 600°C. f so that heat is injected 
substantially unif.orw.Iy into that interval, in improvement for 
constructing and Installing a heater having an electrical cable 
heating section whtoh ia £ree of splice, comprising* conotr uctiag 
said. l]*&Un? cahl* flection by compress iveiy swaging at least on* 
portiou of a }unotion-*re e electrical heating ct>bl* to rcduca its 
6126 At 8«id at loast one portion, said cable ia at least aa long 
aa the earth fo.rma.tiou interval to iae beated and C:omprtSftS ah 
axAAlXy «.\i.gn«d r mftileaDla, ©Hctric^lly conductive con 
surrounded by granular mineral insulation within a natal ehtath, 
bo that frvaged portion g«n*rates heat at a tato higher than the 
uft&yaged portion; correlating the looaUon of 3ftid swaging with 
the pattern of heat conductivity in tUo aarth formation interval 
bo that at loast one compresaively swaged portion of the cable ir. 
located aloj\g the cable in a po»iuioa Buch that, vhr»n tho (Table in 
^tended along th« earth formation internal to be heated, the 
coiaproHsjvely ?vaged portion ia adjacent to a portion of tUe earth 
formation lutcrval in which the heat conductivity is relatively 
hlghj connecting said selectively swaged heating cable aection to 
rit least one pow^t supply cahle And ripooiintr the interconnected 
cables^ and unspooling the int.erooouected cables £ntO a wcllborft 
along with a weight- supporting metal conduit vhile periodically 
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atwhlog tUe cabJLe* to ttu conduit. a.ad extending the cable a and 
conduit to a d« 9 bto at which the compMimivoiy ft*a*ed porticos ot 
the «abLe *re po R uionftA adjacent no the earth MraationB having a. 
rolativol/ hi«h thermal conductivity. 
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ABSTRACT 

Iffi&niSG VARIANT 
ELQKGKTED ELliCTPtCAt ESSISrJ»HCB HEATER 

An electrical roslRterre l»aeer c*f«bla of goooratlng teat at 
different rates at different lotfttlons ailcng ita length craprises a 
continuous arid unitary electrical oGrtductor hxrixq a thk*ac:sa 
vrtiirJi is different at different locations alcug its length. 
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